Hemodynamics and in-stent restenosis: micro-CT images, histology, and computer simulations.
A model that combines the results of in vivo experiment, 3D image data, and computer simulation has been developed. Twelve identical stents were implanted into six healthy pigs and explanted at a range of different post-recovery periods from 6 h to 28 days. The stented vessel segments were embedded in methacrylate resin for the preparation of transverse histological sections and imaged using ultra-high resolution micro-CT. The resulting CT data was used to reconstruct the 3D geometry of the stents and one case was used to inform a 3D computational fluid dynamic model. Derived hemodynamic parameters such as wall shear stress (WSS), axial WSS, and oscillatory shear index were correlated with the distribution of neointimal hyperplasia, assessed from histomorphometric analyses. The direct comparison of hemodynamic parameters and biological response supports the hypothesis that low and oscillatory WSS lead to a greater neointimal response within the stented region. Moreover, the realistic geometry obtained from micro-CT images, characterized by proximal overexpansion and asymmetric deployment of the stent, leads to a markedly non-uniform distribution of WSS values and correlates with asymmetric neo-intimal growth. This correlation cannot be appreciated from studies of idealized geometries.